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PROCESS FOR MAKING A CONTINUOUS
STRUCTURE OF AN ENCAPSULATED
MATERIAL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119(e) to
U.S. Provisional Application No. 61/318,262, filed on Mar.
26,2010, the entire content of which 1s incorporated herein by
reference thereto.

SUMMARY

In one embodiment 1s disclosed, a method for providing an
encapsulated flavorant or chemesthetic agent 1n a smoking
article, which comprises: (a) forming an emulsion compris-
ing: (1) a first aqueous solution, comprising one Or more
cross-linkable polysaccharides; and (11) a hydrophobic addi-
tive comprising one or more flavorants or chemesthetic
agents; (b) extruding said emulsion mto a second aqueous
solution in the form of an elongated structure, said second
aqueous solution comprising one or more metal cations; ()
cross-linking at least a portion of said one or more cross-
linkable polysaccharides, thereby forming a cross-linked
clongated structure comprising cross-linked polysaccharide
and said hydrophobic additive encapsulated therein; (d)
removing said cross-linked elongated structure from said sec-
ond aqueous solution; (e) introducing said cross-linked elon-
gated structure into a filter, or into a rod comprising a smoking
composition, or both; and () forming said filter or said rod of
said smoking composition into a smoking article. In a par-
ticular embodiment, the method can also include drying the
cross-linked elongated structure prior to placement in the
filter or 1n the rod comprising a smoking composition.

In other embodiments are disclosed smoking articles pro-
duced by the methods described herein.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 1s a flow chart illustrating one embodiment of a
method of encapsulating an additive as described herein.

FI1G. 2 1s a schematic diagram 1llustrating one embodiment
of forming an emulsion 1n an embodiment of the method of
encapsulating an additive as described herein.

FI1G. 3 1s an optical microscopy image of an embodiment of
an alginate menthol strand as described herein.

FIG. 4 1s an SEM 1mage of an embodiment of an alginate
menthol strand as described herein.

FIG. 5 1s an SEM 1mage of a cross-section of one embodi-
ment of an alginate-menthol strand as described herein.

FIG. 6 1s a schematic diagram 1llustrating a cross-sectional
view of one embodiment of a smoking article contaiming
threads of a cross-linked polysaccharide encapsulating an
additive, as described herein.

FI1G. 7 1s a schematic diagram illustrating a cross-sectional
view of one embodiment of a smoking article contaiming,
threads of a cross-linked polysaccharide encapsulating an
additive, as described herein.

DETAILED DESCRIPTION

When additive materials, 1n particular, flavorants, such as
menthol, or chemesthetic agents are incorporated 1nto smok-
ing articles, such as by imcorporation into the rod of smoking
composition 1n cigarettes, a premature release and migration
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2

of the additive can become problematic. Because the additive
maternals are often volatile, they can migrate and/or escape
from the cigarette during manufacture or storage, so that
when the smoker smokes the cigarette, the desired effect of
the additive may be decreased. In order to attempt to com-
pensate for this loss of additive, manufacturers often include
more additive material 1n the cigarette, which adds to the cost
thereof. In addition, in smoking articles that have filter sys-
tems containing sorbents, such as activated carbon, migration
of additives to the sorbent, and sorption thereon, can both
decrease the amount of additive available to the smoker, and
result 1n a decreased level of sorption sites available for the
removal of targeted constituents.

The method described herein, the encapsulated additives
produced by this method, and smoking articles containing
these encapsulated additives, attempt to minimize or reduce
additive migration and 1ts effects.

In one embodiment described herein, the method of encap-
sulating an additive involves producing one or more elon-
gated structures within which one or more additives have
been encapsulated. In a particular embodiment, these elon-
gated structures can be 1n the form of threads, strands, rib-
bons, sheets, or combinations of these. In a particular embodi-
ment, the elongated structure contains a matrix of one or more
cross-linked polysaccharides, within which 1s encapsulated
one or more additive materials.

More particularly, 1n one embodiment, the method of pro-
ducing the elongated structure includes (a) forming an emul-
sion containing a first aqueous solution, which in turn con-
tains one or more cross-linkable polysaccharides, and also
containing an additive; (b) extruding said elongated structure
of said emulsion 1nto a second aqueous solution, said second
aqueous solution comprising one or more metal cations; and
(¢) cross-linking at least a portion of said one or more cross-
linkable polysaccharides, thereby forming a cross-linked
clongated structure comprising cross-linked polysaccharide
and additive encapsulated therein.

In a preferred embodiment, the method can optionally
include drying of the cross-linked elongated structure. Pret-
erably, the drying step includes air drying the cross-linked
clongated structure for about 8 hours to about 16 hours, more
particularly about 12 hours. Also preferably, the air drying
occurs at ambient temperature. Alternatively, the cross-linked
clongated structure can be dried in an oven. Preferably, the
cross-linked elongated structure 1s air-dried prior to place-
ment 1 a cigarette filter or 1 a rod containing a smoking
composition.

As used herein, the term “smoking article” denotes any
article that 1s generally consumed by burning or heating of a
smoking composition, and includes articles wherein the
smoking composition 1s heated but not combusted, to create
heated vapors. It includes, but 1s not limited to, traditional
cigarettes, cigars, cigarillos, pipes, electrically heated ciga-
rettes, and the like. Preferred smoking articles are traditional
cigarettes and electrically heated cigarettes.

As used herein, the term “traditional cigarette” denotes a
cigarette that can be smoked by lighting an end of a wrapped
rod of smoking composition and drawing air predominantly
through the Iit end by suction at a mouthpiece end of the
cigarette. Traditional cigarettes can deliver smoke as a result
of combustion of the smoking composition at temperatures
that typically exceed about 800° C. during a puil. Combustion
can release constituents that are drawn through the cigarette,
and can cool and condense to form aerosols. These aerosols
can provide the flavors and aromas associated with smoking.
A preferred cigarette construction comprises a filter, com-
posed of one or more pieces or plugs of filter material
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wrapped by a wrapper known as a plug wrap, which can
typically be attached to one end of the rod of shredded smok-
ing material (e.g., tobacco, also referred to as a “tobacco rod™)
by means of a wrapping or tipping material. Either the rod of
smoking material or the wrapper therefore or both can be
burned or heated during use of the smoking article under
smoking conditions.

“Non-traditional cigarettes” can include, e.g., electrically
heated cigarettes and/or fuel element heated cigarettes. As
used herein, the term “electrically heated cigarette” denotes a
cigarette specifically adapted for use 1n an electrical smoking
system. Electrical smoking systems may include an electri-
cally powered lighter and an electrically heated cigarette,
which can be constructed to cooperate. with the lighter, and
which preferably contains a rod or column of smoking com-
position. Flectrical smoking systems generate only small
amounts of sidestream smoke, and also permit consumers to
suspend and reinitiate smoking as desired. Exemplary elec-
trical smoking systems are described in U.S. Pat. Nos. 6,026,
820; 5,988,176, 35,915,387, 5,692,526, 5,692,525, 5,666,976;
5,499,636 and 5,388,594, the entire content of each of which
1s incorporated herein by reference. Structures of other elec-
trical “smoking™ articles are possible and are included within
the definition.

Other non-traditional cigarettes include those having a fuel
clement 1n the tobacco rod as described 1n U.S. Pat. No.
4,966,171, the entire content of which 1s incorporated herein
by reference. It 1s desirable that non-traditional cigarettes,
such as electrical smoking systems, be capable of delivering
an aerosol or smoke 1n a manner similar to the consumer’s
experiences with traditional cigarettes, such as by providing
an 1immediacy response (smoke delivery occurring immedi-
ately upon draw), a desired level of delivery (that correlates
with FTC tar level), a desired resistance to draw (RTD), as
well as putl-to-pull and cigarette-to-cigarette consistency.

As used heremn, the term “smoking composition” 1s
intended to include tobacco (1.e., cut filler, tobacco powder,
etc.), tobacco substitute maternials (1.e., vegetable or plant
products like shredded lettuce) or a mixture of both. Specific
examples of smoking compositions may include, but are not
limited to, flue-cured tobacco, Burley tobacco, Maryland
tobacco, Oriental tobacco, rare tobacco, specialty tobacco,
reconstituted tobacco, genetically modified tobacco, and
blends thereof. Smoking compositions can include these
materials 1n any suitable form, imncluding, but not limited to:
lamina, such as tobacco lamina; processed materials, such as
volume expanded or puifed tobacco; ground materials, such
as ground tobacco; processed stems, such as cut-rolled or
cut-puiled tobacco stems, reconstituted material, such as
reconstituted tobacco; and blends thereof.

As used herein, the term “granular filtering material”
denotes any particulate material used for, or capable of,
removing targeted constituents from smoke by any mecha-
nism, including size exclusion and/or sorption. The term 1s
intended to include natural and/or manmade porous materi-
als, such as rice or silica, as well as sorbents, such as activated
carbon, activated alumina, and the like.

As used herein, the term “sorbent” denotes a material
capable of sorption, 1.e., adsorption, absorption, or other
physical or chemical entrapment, or any combination of
these, of substances, such as targeted constituents 1 main
stream smoke. The term 1s intended to include matenals
capable of retaining targeted constituents through interac-
tions on the outer surface of the material, as well as interac-
tions within pores of the material, such as channels or cavi-
ties. In other words, a sorbent 1s a substance that has the
ability to condense or hold molecules of other substances on

5

10

15

20

25

30

35

40

45

50

55

60

65

4

its surtace and/or the ability to take up other substances, e.g.,
through penetration of the other substances into its inner
structure or pores. A sorbent can also function by physical
sieving, €.g., by capturing substances 1n the pores. Examples
include particulate materials, such as powdered or granulated
activated carbon, activated alumina, or zeolite, as well as
films or monolithic blocks containing sorbent materials.

As used herein, the “upstream” and “downstream” relative
positions between filter segments and other features are
described 1n relation to the direction of mainstream smoke as
it 1s drawn from the tobacco rod and through the multi-
component filter.

As used herein, the term “emulsion” denotes a stable mix-
ture of two or more immiscible liquids held 1n suspension. An
emulsion may, but need not, include added emulsifier.

As used herein, the term “aqueous solution” denotes a
solution where the solvent contains, but need not be limited
to, water.

As used herein, the term “cross-linkable polysaccharide™
denotes a combination of monosaccharides linked together
by glycosidic bonds, and capable of being cross-linked by an
appropriate cross-linking agent. The term 1s intended to
include polysaccharides such as pectins, alginates, and cara-
geenans, which are cross-linkable by monovalent or polyva-
lent metal cations. Particularly suitable cross-linking metal
cations 1nclude sodium 1ons, potassium 1ons, calcium 1ons,
and aluminum 10ns.

As used herein, the term ‘“‘additives” denotes a material
included 1n a smoking article to modify one or more charac-
teristics of the smoke obtained when a smokable composition
1s heated or combusted. The term 1s intended to include fla-
vorants such as menthol and/or chemesthetic agents such as
humectants, such as glycerol, glycerine, triethylene glycol,
propylene glycol, and the like. In a particularly advantageous
embodiment, the additive comprises a flavorant and/or
chemesthetic agent. Menthol 1s a particularly preferred fla-
vorant for encapsulation as described herein.

As used herein, the term “extruding” denotes a process
whereby a liquid or gel, which may contain molten material,
a solution, an emulsion, or a combination of these, 1s caused
to flow through one or more orifices 1n a die.

As used herein, the term “elongated structure” denotes a
solid, gel, or semisolid material having a length and a thick-
ness, wherein the length 1s larger than the thickness. The term
1s intended to include threads, strands, ribbons, sheets, and
the like.

As used herein, the term “metal cation” denotes a metal
cation of a metallic element that 1s capable of cross-linking a
cross-linkable polysaccharide. The term 1s intended to
include monovalent and polyvalent metal cations, as well as
cations that can take more than one valency. The term 1is
particularly intended to include the cations of elements in
Groups 1, 2, 8, 11, 12, and 13 of the Periodic Table, and
particularly intended to include sodium, potassium, calcium,
magnesium, and aluminum cations.

As used herein, the term “about” when used 1n conjunction
with a numerical value or range of values for a particular
parameter, indicates that 1t 1s permissible for the parameter to
vary from the stated numerical value or range and still be
considered to be within the scope thereof, to a maximum
variation ol £10% of the stated value or range endpoint.

In one embodiment, the elongated structures described
herein can be formed by following the process illustrated
schematically 1n FIG. 1. The first step 1n that process 1s to mix
an aqueous emulsion of a hydrophobic additive with a first
aqueous solution of one or more cross-linkable polysaccha-
rides. This mixture 1s formed 1nto an emulsion 1n a homog-
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enizer, €.g., by high speed stirring. The resulting emulsion 1s
then extruded 1nto a second aqueous solution containing one
or more metal cations that are suitable to 1omically gelate or
crosslink at least one of the polysaccharides 1n the emulsion.
The extrusion and cross-linking result 1n the formation of a
thread or ribbon of crosslinked polysaccharide having the
hydrophobic additive encapsulated therein.

In a particular embodiment, the emulsion can be formed
from a hydrophobic additive comprising menthol, and 1n
particular, molten menthol as schematically illustrated in
FIG. 2. As illustrated therein, a two-phase mixture of molten
menthol and a first aqueous solution of at least one polysac-
charide 1s subjected to homogenization to form an emulsion
containing menthol droplets suspended in the aqueous solu-
tion. When this emulsion 1s extruded into a second aqueous
solution containing one or more metal cations, the extrudate
begins to crosslink, primarily at the surface at first. As the
extrudate remains 1n the second aqueous solution, cations are
transported into the interior of the extrudate, resulting in
crosslinking there as well, and forming a network of
crosslinked polysaccharide surrounding inclusions of the
hydrophobic menthol.

Preferably, the wall thickness of the threads can be con-
trolled by controlling the speed of cross-linking. For example,
when using a very dilute calcium chloride solution for cross-
linking, a thinner wall 1s formed because the cross-linking
speed 1s slowed. Alternatively, a cross-linking solution
including a larger amount of calcium 1ons results 1n faster
cross-linking and a thicker wall. Additionally, the structure of
the thread can be changed by varying the amounts of polymer
used.

Preferably, the concentration range for the polysaccharide
aqueous solution ranges from about 2% to about 7%. Also
preferably, the concentration of cross-linking agent, e.g., cal-
cium chloride, ranges from about 1% to about 10%. In a
particular embodiment, an excessive amount of calcium chlo-
ride solution 1s used to ensure substantially complete cross-
linking of polysaccharides.

FIGS. 3 and 4 are scanning electron microscopy (SEM)
images of an alginate-menthol thread. In a particular embodi-
ment, the strand has an average diameter ranging from about
0.5 mm to about 1.5 mm and includes a solid shell having a
wall thickness ranging from about 10 microns to about 50
microns, more preferably about 15 microns to about 20
microns. For example, the strand can have an average diam-
cter of about 800 microns, consists of solid shells having a
wall thickness ranging from about 15 microns to about 20
microns, and the internally random pore structures 1s sur-
rounded by the solid shells as shown 1n the cross-sectional
view of the thread of FIG. 5. The pores are formed because of
the sublimation of menthol trapped 1nside the thread during
the SEM sample preparation.

Test cigarettes were prepared corresponding to those sche-
matically i1llustrated in FIG. 6 and FIG. 7, and were evaluated
for certain elements of their smoke chemistry, both before and
after accelerated aging.

To form threads for the test cigarettes, about five parts of
menthol crystals were added to 100 parts of aqueous alginate
solution comprising about 3% sodium alginate and about
95% water. The mixture was heated to about 60° Celsius until
the menthol was melted. The mixture was then processed to
form an emulsion by high speed mixing 1n a homogenizer.
The resulting emulsion was extruded through a 1.2 mm ID
nozzle into a 5% calcium chlonde solution via submerge
extrusion to form a continuous thread. The thread was kept in
the calcium chloride solution for about 30 minutes to ensure
the crosslinking of alginate throughout the thread. The thread
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was rinsed with water about 3 times and laid on an absorbing
towel to dry. The threads were then added to the tobacco rods
in amounts indicated below.

Cigarette No. 1 corresponds to the cigarette 400 illustrated
in FI1G. 6, and contains a filter 402 containing 60 mg of carbon
404 and a cellulose acetate tip 410, and a tobacco rod 406
containing 40 mg of threads 408 of menthol encapsulated 1n
pectin, produced as described herein.

Cigarette No. 2 corresponds to the cigarette 500 1llustrated
in FIG. 7, and contains 180 mg of activated carbon 504
disposed 1n a space 1n a “plug-space-plug” configuration, and
a tobacco rod 506 contaiming 50 mg of the threads 508 of
menthol encapsulated 1in pectin, produced as described
herein. Cigarette filter 502 1s tipped at the downstream end
with a cellulose acetate plug 510, and contains another cel-
lulose acetate plug 514 at the upstream end, where filter 502
1s connected to tobacco rod 506. Another cellulose acetate
plug 512 lies downstream of the activated carbon 504 and
upstream of the cellulose acetate plug 510. Both cigarettes
were subjected to an aging protocol lasting 14 days at 45° C.,
and the amount of targeted constituent reduction and menthol
per cigarette were evaluated before and after aging. The
results of this evaluation are provided below 1n Table 1.

In addition, cigarette Nos. 1 and 2 were evaluated for
targeted constituent content per cigarette, pulils per cigarette,
content of targeted constituent per pull, menthol 1n smoke,
menthol per pull, and reduction of targeted constituent. These
parameters were compared for those obtained for a standard
mentholated cigarette without said menthol threads. The
results of this evaluation are provided below 1n Table 2.

A panel evaluation of cigarette No. 1 with respectto certain
preselected sensorial attributes was compared to those
obtained for the control mentholated cigarette without men-
thol threads (the commercial “control” cigarette of Table 2).
The results are based on approximately 25 evaluations by
adult smokers aged 21 years or more. The panel rated the
cigarette containing menthol encapsulated 1n pectin threads
as similar to the control mentholated cigarette without threads
with respect to certain attributes, with only a shightly lower
perception of menthol, even when a carbon filter 1s present.

A panel evaluation of cigarette No. 1 with respect to certain
preselected sensonal attributes was compared to those
obtained for the control mentholated cigarette without men-
thol threads (the “control” cigarette of Table 2). The results
are based on approximately 39 evaluations by adult smokers
aged 21 years or more, and trained to perform quantitative
evaluations of cigarettes. The results indicate that cigarette
No. 1 provided an experience very similar to the control
cigarette with respect to the sensory attributes. The only sig-
nificant difference was with respect to resistance-to-draw.

A panel evaluation of cigarette No. 2 was compared with
the standard mentholated cigarette without menthol threads
(the “control” cigarette of Table 2). The results are based on
approximately 39 evaluations by adult smokers aged 21 vears
or more, and trained to perform quantitative evaluations on
cigarettes. Cigarette No. 2 had a similar tobacco taste to the
control cigarette.

In this specification the words “generally” and “substan-
tially” are sometimes used with respect to terms. When used
with geometric terms, the words “generally” and “substan-
tially” are intended to encompass not only features which
meet the strict definitions but also features which fairly
approximate the strict defimitions.

While the foregoing describes in detail a preferred encap-
sulated material and methods of making the encapsulated
material with reference to a specific embodiment thereof, 1t
will be apparent to one skilled 1n the art that various changes
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and modifications may be made to the encapsulated material
and equivalent methods may be employed, which do not
materially depart from the spirit and scope of the foregoing
description. Accordingly, all such changes, modifications,
and equivalents that fall within the spirit and scope of the
appended claims are intended to be encompassed thereby.

TABLE 1
Targeted Menthol/
Estimated Constituent Cigarette
Menthol in Reduction (%) (mg)
Cigarette Filler (mg) Fresh Aged Fresh Aged
1 16 61 53 0.25 0.27
2 20 91 94 0.3 0.34
TABLE 2
Menthol
Tar Tar/pufl  1nsmoke Menthol/Pull
Cigarette  (mg/cig) Pufls/cig (mg/puil) (mg/cig) (mg/puil)
Control 5.6 8.1 0.69 0.51 0.06
1 6.9 8.4 0.82 0.25 0.03
2 4.6 8.0 0.58 0.30 0.04

What 1s claimed 1s:

1. A method for providing an encapsulated flavorant or

chemesthetic agent 1n a smoking article, comprising;

(a) forming a mixture comprising:

(1) a first aqueous solution, comprising one or more
cross-linkable polysaccharides; and

(1) a hydrophobic additive comprising one or more tla-
vorants or chemesthetic agents;

(b) heating the mixture until the hydrophobic additive 1s
melted;

(c) processing the mixture to form an emulsion;

(d) extruding said emulsion into a second aqueous solution
in the form of an elongated structure, said second aque-
ous solution comprising one or more metal cations;

() cross-linking at least a portion of said one or more
cross-linkable polysaccharides, thereby forming a
cross-linked elongated structure comprising cCross-
linked polysaccharide and said hydrophobic additive
encapsulated therein;

(1) removing said cross-linked elongated structure from
said second aqueous solution;

(g) introducing said cross-linked elongated structure into a

filter, or 1nto a rod comprising a smoking composition,
or both; and

(h) forming said filter or said rod of said smoking compo-

sition 1nto a smoking article.

2. The method of claim 1, further comprising washing said
cross-linked elongated structure 1n an aqueous liquid to
obtain a washed cross-linked elongated structure.

3. The method of claim 2, wherein the aqueous liquud 1s
water.

4. The method of claim 2, further comprising removing the
aqueous liquid from the washed cross-linked elongated struc-
ture to obtain a dried cross-linked elongated structure.

5. The method of claim 1, wherein said one or more cross-
linkable polysaccharides 1s selected from the group consist-
ing ol pectins, alginates, carageenans, and combinations
thereof.
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6. The method of claim 1, wherein said one or more metal
cations are selected from the group consisting of monovalent
metal cations, divalent metal cations, and trivalent metal cat-
101S.

7. The method of claim 6, wherein said monovalent metal
cations comprise potassium cations, said divalent metal cat-
ions comprise calcium cations, and said trivalent metal cat-
ions comprise aluminum cations.

8. The method of claim 1, wherein said cross-linked elon-
gated structure 1s selected from the group consisting of
threads, strands, ribbons, and sheets.

9. The method of claim 1, wherein said forming of said
emulsion comprises homogenizing a mixture of said aqueous
solution and said hydrophobic additive 1n a homogenizer.

10. The method of claim 1, wherein said emulsion further
comprises one or more emulsifying agents.
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11. The method of claim 8, wherein said elongated struc-
ture 1s a strand having an average diameter of about 0.5 mm to
about 1.5 mm.

12. The method of claim 11, wherein said strand comprises
a solid shell surrounding an interior comprising said additive.

13. The method of claim 12, wherein said solid shell has a
thickness ranging between about 10 um and about 50 um.

14. The method of claim 1, wherein said one or more
flavorants or chemesthetic agents comprise menthol.

15. The method of claim 14, wherein said menthol com-
prises molten menthol.

16. The method of claim 1, wherein said hydrophobic
additive comprises a solution or suspension of one or more
flavorants or chemesthetic agents 1n an o1l solution or organic
solvent.

17. The method of claim 1, wherein said extruding com-
prises causing said emulsion to flow through one or more
orifices disposed at or adjacent to a surface of said second

aqueous solution.

18. The method of claim 17, wherein said one or more
orifices are disposed at or beneath said surface.

19. The method of claim 1, further including drying said
cross-linked elongated structure.

20. The method of claiam 19, wherein the drying step
includes air-drying said cross-linked elongated structure for
about 8 hours to about 16 hours.

21. A method for providing an encapsulated tlavorant or
chemesthetic agent comprising:

(a) forming a mixture comprising:

(1) a first aqueous solution, comprising one or more
cross-linkable polysaccharides; and

(1) a hydrophobic additive comprising one or more fla-
vorants or chemesthetic agents;

(b) heating the mixture until the hydrophobic additive 1s
melted;

(¢) processing the mixture to form an emulsion;

(d) submerge extruding said emulsion 1nto a second aque-
ous solution 1n the form of an elongated structure, said
second aqueous solution comprising one or more metal
cations:
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(¢) cross-linking at least a portion of said one or more
cross-linkable polysaccharides, thereby forming a
cross-linked elongated structure comprising cross-
linked polysaccharide and said hydrophobic additive
encapsulated therein; and

(1) removing said cross-linked elongated structure from
said second aqueous solution.

22. The method of claim 1, wherein the hydrophobic addi-

tive comprises menthol crystals and the heating step com-
prises heating the mixture to a temperature of about 60° C.
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